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[Type of document] Specification 
[Title] Method for manufacturing semiconductor device 
[Claims] 

1. A method for manufacturing a semiconductor device, comprising' 
5 an insulating film pattern formation step of forming, on a 

semiconductor substrate, an insulating film pattern with an aperture at an 
impurity introduction region for introducing impurities into the 
semiconductor substrate and an aperture at a positioning mark region for 
adjusting a position of a photomask with respect to the semiconductor 
10 substrate; 

a first photosensitive pattern formation step of forming, on the 
insulating film pattern, a first photosensitive pattern with an aperture that 
exposes the positioning mark region, the first photosensitive pattern 
covering the impurity introduction region; 
15 a level difference formation step of forming, at the positioning mark 

region in the semiconductor substrate, a level difference for adjusting the 
position of the photomask at the aperture formed in the insulating film 
pattern; 

after the level difference formation step, a first photosensitive 
20 pattern removal step of removing the first photosensitive pattern; and 

after the first photosensitive pattern removal step, an impurity 
introduction step of introducing the impurities through the aperture formed 
in the insulating film pattern into the impurity introduction region. 



25 2. The method for manufacturing a semiconductor device according to 
claim 1, wherein the insulating film pattern formation step comprises* 

a step of forming a first insulating film and a second insulating film, 
in that order, on the semiconductor substrate; 

a step of forming, on the second insulating film, a second 
30 photosensitive pattern having apertures at the impurity introduction region 
and the positioning mark region; and 

a step of forming the insulating film pattern by etching the second 
insulating film with the second photosensitive pattern as a mask. 



35 3. A method for manufacturing a semiconductor device, comprising* 

an insulating film pattern formation step of forming, on a 
semiconductor substrate, an insulating film pattern with an aperture at an 



1 



impurity introduction region for introducing impurities into the 
semiconductor substrate and an aperture at a positioning mark region for 
adjusting a position of a photomask with respect to the semiconductor 
substrate; 

5 an impurity introduction step of introducing the impurities through 

the apertures formed in the insulating film pattern into the impurity 
introduction region; 

after the impurity introduction step, a first photosensitive pattern 
formation step of forming, on the insulating film pattern, a first 
10 photosensitive pattern with an aperture that exposes the positioning mark 
region, the first photosensitive pattern covering the impurity introduction 
region; 

after the first photosensitive pattern formation step, a level 
difference formation step of forming, at the positioning mark region in the 
15 semiconductor substrate, a level difference for adjusting a position of the 
photomask at the aperture formed in the insulating film pattern; and 

after the level difference formation step, a first photosensitive 
pattern removal step of removing the first photosensitive pattern. 

20 4. A method for manufacturing a semiconductor device, comprising: 

an insulating film pattern formation step of forming, on a 
semiconductor substrate, an insulating film pattern with an aperture at an 
impurity introduction region for introducing impurities into the 
semiconductor substrate and an aperture at a positioning mark region for 

25 adjusting a position of a photomask with respect to the semiconductor 
substrate; 

a level difference formation step of forming, by thermal oxidation of 
the semiconductor substrate at the positioning mark region, a level 
difference for adjusting a position of the photomask at the apertures formed 
30 in the insulating film pattern; 

after the level difference formation step, an impurity introduction 
step of introducing the impurities through the apertures formed in the 
insulating film pattern into the impurity introduction region. 

35 5. A method for manufacturing a semiconductor device, comprising^ 

an inter-element separation field oxide film forming step of forming 
an inter-element separation field oxide film in a predetermined region of a 
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semiconductor substrate; 

an insulating film pattern formation step of forming, on the 
semiconductor substrate and the inter-element separation field oxide film, 
an insulating film pattern with an aperture at an impurity introduction 
5 region for introducing impurities into the semiconductor substrate and an 
aperture at a positioning mark region for adjusting a position of a photomask 
with respect to the semiconductor substrate; 

a level difference formation step of forming, at the positioning mark 
region in the inter-element separation field oxide film, a level difference for 
10 adjusting a position of the photomask at the apertures formed in the 
insulating film pattern; and 

an impurity introduction step of introducing the impurities through 
the apertures formed in the insulating film pattern into the impurity 
introduction region. 
15 [Detailed description of the invention] 
[0001] 

[Field of the invention] 

The present invention relates to methods for manufacturing a 
semiconductor device including a step of forming, on a semiconductor 
20 substrate, a level difference for adjusting the position of a photomask and a 
step of introducing impurities into an impurity introduction region of the 
semiconductor substrate. 
[0002] 

[Background of the invention] 

25 Lithography steps for transferring a circuit pattern onto a silicon 

substrate include a film forming step of applying a photosensitive material 
onto a silicon substrate and drying it, a step of overlaying a photomask on an 
overlaid region based on a positioning mark, a step of exposing the 
photosensitive film by irradiating light, an electron beam or X-rays through 

30 the photomask onto the photosensitive film, and a step of removing the 
photosensitive material at the portions where it is not needed after the 
exposure, thus forming a pattern of photosensitive material on the silicon 
substrate. Thus, a step of overlaying a photomask is performed when 
forming a semiconductor device. 

35 [0003] 

FIGS. 11A to 11D are cross-sectional views illustrating a 
conventional method for manufacturing a semiconductor device. As shown 
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in FIG. 11A, a photosensitive pattern 93 with an aperture at a portion 
corresponding to a positioning mark region 8 for the photomask is formed on 
a semiconductor substrate 6. 
[0004] 

5 As shown in FIG. 11B, in order to form the positioning mark for the 

photomask, the semiconductor substrate 6 in the positioning mark region 8 
is etched at the aperture in the photosensitive pattern 93, thus forming a 
level difference 11. 
[0005] 

10 Then, after removing the photosensitive pattern 93 by washing or the 

like, a photosensitive pattern 92 having an aperture at an impurity 
introduction region 7 is formed covering the level difference 11 formed at the 
positioning mark region 8, as shown in FIG. 11C. The overlaying of the 
photomask for forming the photosensitive pattern 92 is carried out with 

15 reference to the positioning mark formed by the above-noted photosensitive 
pattern 93. Then, impurities 12 are introduced by ion implantation or the 
like into the impurity introduction region 7 of the semiconductor substrate 6 
through the aperture of the photosensitive pattern 92. 
[0006] 

20 As shown in FIG. 11D, the photosensitive pattern 92 is removed by 

washing or the like, thus obtaining the impurity introduction region 7 into 
which impurities 12 have been introduced and the positioning mark region 8 
in which the level difference 11 for the positioning mark is formed. 
[0007] 

25 [Patent document l] 

JP H08-107064A 

[0008] 

[Patent document 2] 

JP H11-40495A 

30 [0009] 

[Problem to be solved by the invention] 

However, in this conventional method for manufacturing a 
semiconductor device as shown in FIG. 11A11D, in addition to forming the 
photosensitive pattern 92 for introducing impurities 12 into the impurity 

35 introduction region 7, it is necessary to form a separate photosensitive 
pattern 93 for forming the level difference 11 of the positioning mark for the 
photomask. Therefore, there is the problem that the number of 
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manufacturing steps increases. 
[0010] 

Moreover, photomasks forming other impurity introduction regions 
for introducing other impurities and gate electrodes are positioned with 
5 reference to the level difference 11 of the positioning mark formed by the 
photosensitive pattern 93, so that there is a risk of misalignments to the 
impurity introduction region 7 formed by the photosensitive pattern 92, 
which is different from the photosensitive pattern 93. Therefore, there is 
the problem that the characteristics of the semiconductor device may 
10 deteriorate. 
[0011] 

In order to solve this problem, JP H08-107064A discloses a method 
for forming an impurity introduction region and a level difference for a 
positioning mark using the same photosensitive material. FIGS. 12A to 
15 12D are cross-sectional views illustrating this other conventional method for 
manufacturing a semiconductor device. 
[0012] 

As shown in FIG. 12A, a photosensitive pattern 83 having apertures 
at a portion corresponding to the positioning mark region 8 for the 

20 photomask and at a portion corresponding to an impurity introduction region 
7 is formed on the semiconductor substrate 6. Then, as shown in FIG. 12B, 
the semiconductor substrate 6 is etched in the positioning mark region 8 and 
the impurity introduction region 7 at the apertures in the photosensitive 
pattern 83, forming a level difference 11 and a level difference 81. 

25 [0013] 

Next, as shown in FIG. 12C, impurities 12 are introduced by ion 
implantation or the like through the apertures in the photosensitive pattern 
83 into the impurity introduction region 7 and the positioning mark region 8 
in the semiconductor substrate 6. 
30 [0014] 

After that, as shown in FIG. 12D, the photosensitive pattern 83 is 
removed by washing or the like, obtaining the impurity introduction region 7 
into which impurities 12 have been introduced and the positioning mark 
region 8 in which the level difference 11 for the positioning mark is formed. 
35 [0015] 

However, with this method, the semiconductor substrate 6 is also 
etched in the impurity introduction region 7, so that crystal defects in the 
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semiconductor substrate 6 result due to the plasma damage when etching. 
For this reason, there is the problem that the characteristics of the 
semiconductor device may deteriorate due to leak currents. 
[0016] 

5 Moreover, since the impurities 12 are ion implanted directly after dry 

etching without performing a washing step, the ions are implanted from 
above the particles that are formed during the etching. This leads to crystal 
defects in the semiconductor substrate 6. As a result, there is the problem 
that the characteristics of the semiconductor device may deteriorate due to 
10 leak currents. 
[0017] 

Furthermore, the reaction products formed during the etching act as 
a mask during the ion implantation, so that there is the risk that the desired 
concentration is not attained in the formed impurity region. 
15 [0018] 

In order to solve these problems, JP H11-40495A discloses a method 
of forming a photosensitive pattern on a silicon substrate, lowering the 
photosensitivity of the formed photosensitive pattern by a heating process, 
introducing impurities to apertures in a predetermined region formed by the 
20 photosensitive pattern, forming another photosensitive pattern with 
apertures that are larger than the apertures in the first photosensitive 
pattern, and forming the positioning mark by etching. 
[0019] 

FIGS. 13Ato 13D, 14Aand 14B are cross sectional views illustrating 
25 yet another conventional method for manufacturing a semiconductor device. 
[0020] 

As shown in FIG. 13A, a photosensitive pattern 83 with apertures at 
a portion corresponding to a positioning mark region 8 for the photomask 
and an impurity region 7 is formed on a semiconductor substrate 6. 
30 [0021] 

Then, as shown in FIG. 13B, impurities 12 are introduced by ion 
implantation or the like through the apertures of the photosensitive pattern 
83 into the impurity region 7 and the positioning mark region 8 in the 
semiconductor substrate 6. 
35 [0022] 

Next, as shown in FIG. 13C, the photosensitive pattern 83 is 
subjected to a heating process, in order to lower the photosensitivity of the 
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oq AftPr that as shown in FIG. 13D, a 

100231 Then as shown in FIG. HA. the semiconductor substrate 6 is etched 
at the aperture of the photosensitive pattern 83 in the positioning mark 
rerion 8 forming a level difference 11 for the positioning mark. Next as 
ZZ t FIG. 14B, the photosensitive pattern 84 and the photosenstttve 
faZn 83 are removed by washing or the like, thus obtainmg the tmpunty 
function region 7 into which impurities 12 have been introduced and the 
pining mark region 8 in which the level difference 11 for the positions 
mark is formed. 

100241 However, with this method, when there are pattern defects such as 
misalignments or deviations from the specifications of the drmensions then 
tt ^possible to remove only the photosensitive pattern 84 by washrng or 
*e fixe so that there is the problem that pattern reproduce ,s not 
possible. 

20 100251 Moreover, when a photosensitive pattern 84 made of the same 
material as the photosensitive pattern 83 is apphed on top of the 
Tote ensttive pattern 83, there is problem that the photosensitive pattern 
Cay be destroyed as a result of mixing between the photosensitive pattern 

25 83 and the photosensitive pattern 84. 

100261 It is an object of the present invention to provide a method for 
manufacturing a semiconductor device, with which an 

region and a positioning mark region that are ahgned with one another can 
formed, based on a eommon insulating film pattern and without inviting 
deterioration of the semiconductor device characteristics. 
[0027] 

^TSfjSl**. a semiconductor device according to one 
aspect of the present invention includes an insulating film » 
stTp of forming, on a semiconductor substrate an insulating * 
with an aperture at an impurity introduction regton for introducing 



30 



35 



7 



impurities into the semiconductor substrate and an aperture at a positioning 
mark region for adjusting a position of a photomask with respect to the 
semiconductor substrate; a first photosensitive pattern formation step of 
forming, on the insulating film pattern, a first photosensitive pattern with 
5 an aperture that exposes the positioning mark region, the first 
photosensitive pattern covering the impurity introduction region; a level 
difference formation step of forming, at the positioning mark region in the 
semiconductor substrate, a level difference for adjusting the position of the 
photomask at the aperture formed in the insulating film pattern; after the 

10 level difference formation step, a first photosensitive pattern removal step of 
removing the first photosensitive pattern; and after the first photosensitive 
pattern removal step, an impurity introduction step of introducing the 
impurities into the impurity introduction region through the apertures 
formed in the insulating film pattern at the impurity introduction region of 

15 the semiconductor substrate. 
[0028] 

A method for manufacturing a semiconductor device according to 
another aspect of the present invention includes an insulating film pattern 
formation step of forming, on a semiconductor substrate, an insulating film 

20 pattern with an aperture at an impurity introduction region for introducing 
impurities into the semiconductor substrate and an aperture at a positioning 
mark region for adjusting a position of a photomask with respect to the 
semiconductor substrate; an impurity introduction step of introducing the 
impurities into the impurity introduction region through the apertures 

25 formed in the insulating film pattern at the impurity introduction region of 
the semiconductor substrate; after the impurity introduction step, a first 
photosensitive pattern formation step of forming, on the insulating film 
pattern, a first photosensitive pattern with an aperture that exposes the 
positioning mark region, the first photosensitive pattern covering the 

30 impurity introduction region; after the first photosensitive pattern formation 
step, a level difference formation step of forming, at the positioning mark 
region in the semiconductor substrate, a level difference for adjusting the 
position of the photomask at the aperture formed in the insulating film 
pattern; and after the level difference formation step, a first photosensitive 

35 pattern removal step of removing the first photosensitive pattern. 
[0029] 

A method for manufacturing a semiconductor device according to yet 
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another aspect of the present invention includes an insulating film pattern 
formation step of forming, on a semiconductor substrate, an insulating film 
pattern with an aperture at an impurity introduction region for introducing 
impurities into the semiconductor substrate and an aperture at a positioning 
5 mark region for adjusting a position of a photomask with respect to the 
semiconductor substrate; a level difference formation step of forming, by 
thermal oxidation of the semiconductor substrate at the positioning mark 
region, a level difference for adjusting a position of the photomask at the 
apertures formed in the insulating film pattern; and after the level difference 
10 formation step, an impurity introduction step of introducing the impurities 
into the impurity introduction region through the apertures formed in the 
insulating film pattern at the impurity introduction region of the 
semiconductor substrate. 
[0030] 

15 A method for manufacturing a semiconductor device according to yet 

another aspect of the present invention includes a first insulating film 
formation step of forming a first insulating film on the semiconductor 
substrate; an insulating film pattern formation step of forming, on the first 
insulating film, an insulating film pattern with an aperture at an impurity 

20 introduction region for introducing impurities into the semiconductor 
substrate and an aperture at a positioning mark region for adjusting a 
position of a photomask with respect to the semiconductor substrate; a level 
difference formation step of forming, by etching the first insulating film at 
the positioning mark region, a level difference for adjusting the position of 

25 the photomask at the apertures formed in the insulating film pattern; and 
after the level difference formation step, an impurity introduction step of 
introducing the impurities into the impurity introduction region through the 
apertures formed in the insulating film pattern at the impurity introduction 
region of the semiconductor substrate. 

30 [0031] 

A method for manufacturing a semiconductor device according to yet 
another aspect of the present invention includes an insulating film pattern 
formation step of forming, on a semiconductor substrate, an insulating film 
pattern with an aperture at a first impurity introduction region for 
35 introducing first impurities into the semiconductor substrate, an aperture at 
a second impurity introduction region for introducing second impurities into 
the semiconductor substrate, and an aperture at a positioning mark region 
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for adjusting a position of a photomask with respect to the semiconductor 
1 ft" a first photosensitive pattern formatmn step of forming ^n the 
bating film pattern, a ^ 

=g t r« — on regton and the second , « 
, . • • Q wpI difference formation step of forming, at the 

ad usting the position of the photomask at the aperture formed m the 

"ng film pattern; after the level difference formaUon step, a firs 

insulating mm y removing the first photosensitive 

photosensitive pattern removal step of removing v 

pattern; after the first photosensitive pattern removal step a second 

^sensitive pattern formation step of forming, on 

Urn, a second 

first impurity introduction region, the seconu. p ... 
, »v ring the positioning mark region and the second impurrty mtroduc ton 
rjoTa first impurity introduction step of introducing first 
he fi st impurity introduction region through the aperture formed » he 
uttrng Mm pattern at the first impurity introduction regton of the 
remtonductor substrate; after the first impurity introduction step, a second 
„ phTsenlive pattern remova, step of removing the second phot— e 
pattern; after the second photosensitive pattern removal step a third 
ph— itive pattern formation step o, forming, on fita 
nattern a third photosensitive pattern with an aperture that exposes the 
LCnd impurity introduction regton, the third photosensrtrve patte n 
secona rnipu. j impurity introduction 

region of the semiconductor substrate. 
30 [0032] 

[Embodiments of the invention) ,.„,„.. 

A method for manufacturing a semiconductor devrce *™^°-° 
aspect of the present embodiments includes; a first Ph°"' f £ 
formation step of forming, on an insulatmg film pattern a first 
35 pTtotnsitrve pattern with an aperture that exposes a posttromng mark 
rerion the first photosensitive pattern covering an impuraty mtroducUon 
"Son; Ld a level difference formation step of forming, at the posrUonmg 
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mark region in the semiconductor substrate, a level difference for adjusting 
the position of the photomask at the aperture formed in the insulating film 
pattern. Therefore, the impurity introduction region that is covered by the 
first photosensitive pattern is not affected by the etching for forming the 
5 level difference for adjusting the position of the photomask. Consequently, 
the impurity introduction region is not etched. As a result, it is possible to 
form an impurity introduction region and a positioning mark region that are 
aligned, based on a common insulating film pattern, without inviting 
deterioration of the semiconductor device characteristics. 
10 [0033] 

In this embodiment, it is preferable further to include a step of 
forming a first insulating film and a second insulating film, in that order, on 
the semiconductor substrate; and a step of forming, on the second insulating 
film, a second photosensitive pattern having an aperture at the impurity 
15 introduction region and an aperture at the positioning mark region; and that 
the insulating film pattern formation step forms the insulating film pattern 
by etching the second insulating film with the second photosensitive pattern 
as a mask. 
[0034] 

20 It is preferable further to include a step of removing the second 

photosensitive pattern after the insulating film pattern formation step and 
before the first photosensitive pattern formation step. 
[0035] 

It is preferable that the aperture in the first photosensitive pattern 
25 exposing the positioning mark region is larger than the aperture in the 
insulating film pattern formed at the positioning mark region. 
[0036] 

It is preferable that in the level difference formation step, the level 
difference is formed by wet etching. 
30 [0037] 

It is preferable that the depth of the level difference formed in the 
level difference formation step is at least 80 nanometer and at most 120 
nanometer. 
[0038] 

35 It is preferable that the depth of the level difference formed in the 

level difference formation step is 100 nanometer. 
[0039] 



It is preferable to further include, before the insulating film 
formation step, a step of forming a first insulating film and a second 
insulating film, in that order, on the semiconductor substrate; and, after the 
first photosensitive pattern removal step, a first insulating film removal step 
5 of removing the first insulating film such that the impurity introduction 
region at the semiconductor substrate is exposed. 
[0040] 

It is preferable that in the first insulating film removal step, the first 
insulating film is removed by wet etching. 
10 [00411 

It is preferable that in the impurity introduction step, boron is 
introduced into the impurity introduction region by ion implantation. 
[0042] 

It is preferable that, after the impurity introduction step, a further 
15 step is included in which the insulating film pattern is removed by etching. 
[0043] 

It is preferable that after the first photosensitive pattern removal 
step, a further step is included in which a thermal oxide film for protecting 
the surface of the semiconductor substrate into which the impurities are 
20 introduced is formed, and in the impurity introduction step, the impurities 
are introduced from above the thermal oxide film. 
[0044] 

It is preferable that the film thickness of the thermal oxide film is at 
least 5 nanometer and at most 20 nanometer. 
25 [0045] 

A method for manufacturing a semiconductor device according to 
another aspect of the present embodiment includes" after the impurity 
introduction step, a first photosensitive pattern formation step of forming, on 
the insulating film pattern, a first photosensitive pattern with an aperture 

30 that exposes the positioning mark region, the first photosensitive pattern 
covering the impurity introduction region; and after the first photosensitive 
pattern formation step, a level difference formation step of forming, at the 
positioning mark region in the semiconductor substrate, a level difference for 
adjusting the position of the photomask at the aperture formed in the 

35 insulating film pattern. Therefore, the impurity introduction region 
covered by the first photosensitive pattern is not affected by the etching for 
forming the level difference for adjusting the position of the photomask. 

12 
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Consequently, the impurity introduction region is not etched. As a result, it 
is possible to form an impurity introduction region and a positioning mark 
region that are aligned, based on a common insulating film pattern and 
without inviting a deterioration of the semiconductor device characteristics. 
5 [0046] 

According to another embodiment it is preferable to include a step of 
forming, on the semiconductor substrate, a first insulating film with a 
thickness of at least 10 nanometer and at most 50 nanometer, and on 
forming, on the first insulating film, a second insulating filmwith a thickness 

10 of at least 100 nanometer and at most 200 nanometer; and a step of forming, 
on the second insulating film, a second photosensitive pattern with a 
thickness of about 3.0 microns and with an aperture at the impurity 
introduction region and an aperture at the positioning mark region; wherein 
in the impurity introduction step, the impurities are introduced through the 

15 aperture formed in the second photosensitive pattern and the aperture 
formed in the insulating film pattern at the impurity introduction region. 
[0047] 

It is preferable further to include a step of removing the second 
photosensitive pattern after the impurity introduction step and before the 
20 first photosensitive pattern formation step. 
[0048] 

It is preferable that in the impurity introduction step, boron is 
introduced by ion implantation into the impurity introduction region with an 
acceleration energy of about 900 kiloelectronvolts (keV). 
25 [0049] 

It is preferable that the depth of the level difference formed in the 
level difference formation step is at least 80 nanometer and at most 120 
nanometer. 
[0050] 

30 It is preferable that the depth of the level difference formed in the 

level difference formation step is 100 nanometer. 
[0051] 

A method for manufacturing a semiconductor device according to yet 
another aspect of the present embodiment includes a level difference 
35 formation step of forming, by thermal oxidation of the semiconductor 
substrate at the positioning mark region, a level difference for adjusting a 
position of the photomask at the apertures formed in the insulating film 
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pattern," after the level difference formation step, an impurity introduction 
step of introducing the impurities through the apertures formed in the 
insulating film pattern at the impurity introduction region of the 
semiconductor substrate into the impurity introduction region. Therefore, 
5 it is possible to form an impurity introduction region and a positioning mark 
region that are aligned, based on a common insulating film pattern and 
without inviting a deterioration of the semiconductor device characteristics. 
[0052] 

In yet another embodiment, it is preferable that in the level 
10 difference formation step, the thermal oxide film is formed by thermally 
oxidizing the surface of the semiconductor substrate. 
[0053] 

It is preferable that the level difference formed in the level difference 
formation step is formed by lowering the interface between the thermal oxide 
15 film and the semiconductor substrate by about 55% of the film thickness of 
the oxide film. 
[0054] 

It is preferable that the thickness of the thermal oxide film is about 
50 nanometer, and the depth of the level difference is about 30 nanometer. 
20 [0055] 

A method for manufacturing a semiconductor device according to yet 
another aspect of the present embodiment includes a level difference 
formation step of forming, by etching a first insulating film at a positioning 
mark region, a level difference for adjusting a position of the photomask at 

25 the apertures formed in the insulating film pattern; after the level difference 
formation step, an impurity introduction step of introducing the impurities 
through the apertures formed in the insulating film pattern at the impurity 
introduction region of the semiconductor substrate into the impurity 
introduction region. Therefore, it is possible to form an impurity 

30 introduction region and a positioning mark region that are aligned, based on 
a common insulating film pattern and without inviting a deterioration of the 
semiconductor device characteristics. 
[0056] 

In yet another embodiment, it is preferable that the first insulating 
35 film formed in the first insulating film formation step is formed at a film 
thickness of at least 10 nanometer and at most 50 nanometer in the impurity 
introduction region, and at a film thickness of at least 300 nanometer and at 



most 500 nanometer in the positioning mark region. 
[0057] 

It is preferable that the level difference formation step includes a 
step of etching away the first insulating film formed in the impurity 
5 introduction region. 
[0058] 

It is preferable that the depth of the level difference formed in the 
positioning mark region in the level difference formation step is at least 50 
nanometer. 
10 [0059] 

It is preferable that the method further includes a step of forming a 
thermal oxide film covering the impurity introduction region after the level 
difference formation step and before the impurity introduction step. 
[0060] 

15 It is preferable that the film thickness of the thermal oxide film is at 

least 5 nanometer and at most 20 nanometer. 
[0061] 

A method for manufacturing a semiconductor device according to yet 
another aspect of the present embodiment includes a first photosensitive 

20 pattern formation step of forming, on the insulating film pattern, a first 
photosensitive pattern with an aperture that exposes the positioning mark 
region, the first photosensitive pattern covering a first impurity introduction 
region and a second impurity introduction region; and a level difference 
formation step of forming, at the positioning mark region, a level difference 

25 for adjusting the position of the photomask at the aperture formed in the 
insulating film pattern. Therefore, the first impurity introduction region 
and the second impurity introduction region covered by the first 
photosensitive pattern are not etched in order to form the level difference for 
adjusting the position of the photomask. Consequently, the first impurity 

30 introduction region and the second impurity introduction region are not 
etched. As a result, it is possible to form a first impurity introduction 
region, a second impurity introduction region and a positioning mark region 
that are aligned, based on a common insulating film pattern and without 
inviting a deterioration of the semiconductor device characteristics. 

35 [0062] 

The following is a description of preferred embodiments of the 
present invention, with reference to the accompanying drawings. 
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[0063] 

(Embodiment l) 

FIGS. 1A to ID and 2A to 2E are cross-sectional views illustrating a 
method for manufacturing a semiconductor device according to Embodiment 
5 1. 

[0064] 

As shown in FIG. 1A, first, a first insulating film 4 and a second 
insulating film 5 are formed in that order on a semiconductor substrate 6. 
The semiconductor substrate 6 may be a silicon substrate, for example. The 

10 first insulating film 4 may be a thermal oxide film, for example. The second 
insulating film 5 may be a silicon nitride film, for example. For the thermal 
oxide film and the silicon nitride film, it is possible to use the oxide film and 
the silicon nitride film that result when forming an inter-element field oxide 
film. The film thickness of the first insulating film 4 constituted by the 

15 thermal oxide film is at least about 10 nanometer (nm) and at most about 50 
nanometer. The second insulating film 5 constituted by the silicon nitride 
film is formed by low-pressure CVD, and its film thickness is at least about 
100 nanometer and at most about 200 nanometer. 
[0065] 

20 Then, after applying a photosensitive material on the second 

insulating film 5, the photosensitive material is removed at the impurity 
introduction region 7 and the positioning mark region 8, forming a 
photosensitive pattern 3. 
[0066] 

25 Next, as shown in FIG. IB, the second insulating film 5 is etched 

away, taking the photosensitive pattern 3 as a mask, thus forming an 
insulating film pattern 1. It is preferable that this etching is dry -etching. 
For example, it may be dry-etching with CHF3 gas. The second insulating 
film 5 is etched under such conditions that a sufficient selectivity of the 

30 etching speed of the second insulating film 5 over the etching speed of the 
first insulating film 4 is attained. 
[0067] 

As shown in FIG. 1C, the photosensitive pattern 3 is removed by 
washing or the like. Then, after photosensitive material has been applied 
35 on the insulating film pattern 1, that photosensitive material is removed at a 
portion corresponding to the positioning mark region 8, thus forming a 
photosensitive pattern 2 covering the impurity introduction region 7. It is 

16 



preferable that the aperture of the photosensitive pattern 2 in the 
positioning mark region 8 is formed so that it has the same size as the 
aperture of the insulating film pattern 1. However, since it is difficult to 
form both apertures in the same size, the aperture of the photosensitive 
5 pattern 2 is formed such that it is larger than the aperture of the insulating 
film pattern 1. 
[0068] 

As shown in FIG. ID, the first insulating film 4 is etched away by 
wet-etching with hydrofluoric acid, taking the insulating pattern 1 as a mask. 
10 It is also possible to etch away the first insulating film 4 by dry etching. 
[0069] 

As shown in FIG. 2A, with the insulating film pattern 1 as a mask, 
the semiconductor substrate 6 is etched down by dry etching with a 
chlorine-based gas, forming a level difference 11 for a positioning mark. 
15 Since the impurity introduction region 7 is covered by the photosensitive 
pattern 2, there is no level difference formed by the dry etching. 
[0070] 

Ordinarily, the positioning of photomasks based on positioning marks 
is performed with an LSA (laser search alignment) sensor having a helium 

20 (He) - neon (Ne) laser of 633 nanometer wavelength as the light source. In 
LSA, the diffraction light that is reflected by the level difference 11 for the 
positioning mark is detected. The signal intensity of the diffraction light 
depends on the interference conditions, that is, the silicon level difference, 
film thickness and refractive index. The diffraction light is subject to 

25 interference due to the silicon level difference, and the signal intensity has 
an amplitude due to phase differences, so that when the signal intensity of 
the diffraction light reflected by the level difference 11 for the positioning 
mark is weak, the photomask cannot be positioned. 
[0071] 

30 FIG. 3 is a graph showing the simulation results of the relation 

between the diffraction efficiency and the level difference for the positioning 
mark formed by the method for manufacturing a semiconductor device 
according to Embodiment 1. The horizontal axis denotes the depth of the 
level difference for the positioning mark formed in the semiconductor 

35 substrate 6, and the vertical axis denotes the diffraction efficiency of the 
diffraction light that is reflected by the level difference 11. 
[0072] 



When the level difference is 100 nanometer (nm), the diffraction 
efficiency has its first peak. After that, the diffraction efficiency shows 
peaks at a period of 200 nanometer. The diffraction efficiency has peaks at 
a period of 200 nanometer starting from 100 nanometer, that is, at 100 
5 nanometer, 300 nanometer, 500 nanometer and so on. The largest 
diffraction efficiency is attained for a level difference of 100 nanometer. 
Starting at a level difference of 200 nanometer and with a period of 200 
nanometer, that is, at a level difference of 200 nanometer, 400 nanometer 
and so on, the diffraction light is weakened by interference, so that a high 
10 signal intensity is not attained. In particular, when the level difference is 
200 nanometer, the diffraction efficiency of 2% that is necessary for 
positioning by the LSA sensor cannot be attained, so that the positioning of 
photomasks is not possible. 
[0073] 

15 When variations of ±20% are considered for the silicon etching, then 

it is preferable that the depth of the level difference 11 for the positioning 
mark is at least 80 nanometer and at most 120 nanometer, and a depth of 
100 nanometer is most preferable. 
[0074] 

20 As shown in FIG. 2B, after the photosensitive pattern 2 has been 

removed by washing or the like, the first insulating film 4 is etched away at 
the impurity introduction region 7, with the insulating pattern 1 as a mask. 
For this etching process, wet etching is used. If the first insulating film 4 is 
removed by dry etching, then crystal defects may occur in the semiconductor 

25 substrate 6 due to plasma damage during etching, so that the semiconductor 
device characteristics may deteriorate due to leakage currents. 
[0075] 

As shown in FIG. 2C, a thermal oxide film 13 of at least about 5 
nanometer and at most about 20 nanometer thickness is formed by thermal 
30 oxidation, such that it covers the impurity introduction region 7 and the 
positioning mark region 8. 
[0076] 

As shown in FIG. 2D, impurities 12 are introduced by ion 
implantation or the like from above the thermal oxide film 13 through the 
35 apertures in the insulating film pattern 1 into the impurity introduction 
region 7 and the positioning mark region 8. The introduced impurities 12 
may be boron (B), BF 2 , arsenic (As), phosphor (P) or Sb, for example. The 
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ion implantation stopping power at this time depends on the sum of the film 
thickness of the first insulating film 4 and the film thickness of the second 
insulating film 5. In Embodiment 1, the thermal oxide film resulting when 
forming an inter-element separation field oxide film is used for the first 
5 insulating film 4, and the resulting silicon nitride film is used for the second 
insulating film 5, so that when the film thickness of the thermal oxide film is 
set to 50 nanometer and the film thickness of the silicon nitride film is set to 
160 nanometer, for example, an acceleration energy of up to 35 
kiloelectronvolts (keV) can be stopped when implanting boron ions, and an 
10 acceleration energy of up to 290 kiloelectronvolts (keV) can be stopped when 
implanting arsenic ions. 
[0077] 

The thicker the first insulating film 4 and the second insulating film 
5 are made, the higher their ion implantation stopping power is. For 

15 example, if the thickness of the silicon nitride film constituting the second 
insulating film 5 is set to about 1000 nanometer, then its stopping power will 
be up to an acceleration energy of 350 keV when implementing boron ions 
and up to an acceleration energy of 1500 keV when implementing arsenic 
ions. 

20 [0078] 

As shown in FIG. 2E, the insulating film pattern 1 is etched away. 
This etching may be dry etching or wet etching. For wet etching, etching by 
phosphoric acid may be employed. Since the semiconductor substrate 6 is 
covered by the thermal oxide film 13, the semiconductor substrate 6 is not 
25 etched by the phosphoric acid. 
[0079] 

Then, the first insulating film 4 is etched away. It is preferable that 
that this etching is wet etching. For this wet etching, hydrofluoric acid may 
be used. Thus, it is possible to attain the desired impurity introduction 
30 region 7 and the silicon level difference 11 of the positioning mark for the 
photomask. 
[0080] 

As described above, it is possible to form the impurity introduction 
region 7 and the silicon level difference 11 of the positioning mark for the 
35 photomask with the same insulating film pattern 1. Thus, the impurity 
introduction region and the positioning marks are formed with 
self-alignment. Therefore, the positioning of photomasks for the formation 
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overlaying precision .8 improved. As a result, 
characteristics can be made more consistent. 

100811 In particular in solid-state imaging devices, the — — 
region, the photodiode region and the "J^JT* ^e 

-r :r r cr rsr: ^"e 

position ot the impurity reason in the 
as the overlaid regions. 

[00821 This aspect is also similar in bipolar transistors. In bipolar 

This aspect a ^ n formed 

transistors, an emitter region has to be formed J ^ 
by a photomask overlaying step and — base region 

case when the relative position of the emitter region 
changes, then the bipolar transistor characteristics deteriorate. 

100831 Conse.uently, Embodiment 1 is particularly ad— ^ 
i ,tnv devices in which the overlaying precision among ditterent 
semiconductor devices in w entioned so i id -state imaging 

impurity regions is important, as m tne aoov 
25 devices or bipolar transistors. 

100841 In Emhodiment 1, the silicon leve, difference for 

i8 formed with a depth of at least 80 nanometer and a^ mos ;12 nanom 

" ^^naTolet^frr^ ^efficiency is 
Even considering the variations of the etching and at most 

120 nanometer, then a sufficiency s 
35 For this reason, the photomasks can be positioned reliably. 

100851 In Embodiment 1, an example was described in which the first 
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insulating film 4 is made of a thermal oxide film, and the second insulating 
film 5 is made of a silicon nitride film. However, the present invention is 
not limited to this. It is sufficient if the first insulating film 4 and the 
second insulating film 5 are made of such materials that the etching speed of 
5 the first insulating film 4 is smaller than the etching speed of the second 
insulating film 5. 
[0086] 

Moreover, in Embodiment 1, an example was described in which, 
after removing the first insulating film 4 by wet etching, the silicon substrate 
10 is dry-etched to form the level difference 11 for the positioning mark, but the 
present invention is not limited to this. It is also possible to perform dry 
etching to remove the first insulating film 4 and form the level difference 11 
simultaneously. 
[0087] 

15 Moreover, in Embodiment 1, an example was described in which 

impurities 12 are introduced by ion implantation from above the thermal 
oxide film 13 into the impurity introduction region 7, but it is also possible to 
introduce the impurities 12 into the impurity introduction region 7 by 
directly implanting ions from above the semiconductor substrate 6, without 

20 forming a thermal oxide film 13. 
[0088] 

(Embodiment 2) 

FIGS. 4A to 4D and 5A to 5D are cross-sectional views illustrating a 
method for manufacturing a semiconductor device according to Embodiment 
25 2. The steps shown in FIGS. 4A and 4B are the same as the steps described 
with reference to FIGS. 1A and IB in Embodiment 1. 
[0089] 

As shown in FIG. 4A, first, a first insulating film 4 and a second 
insulating film 5 are formed in that order on a semiconductor substrate 6. 

30 The semiconductor substrate 6 may be a silicon substrate, for example. The 
first insulating film 4 may be a thermal oxide film, for example. The second 
insulating film 5 may be a silicon nitride film, for example. For the thermal 
oxide film and the silicon nitride film, it is possible to use the oxide film and 
the silicon nitride film that result when forming an inter-element field oxide 

35 film. The film thickness of the first insulating film 4 constituted by the 
thermal oxide film is at least about 10 nanometer (nm) and at most about 50 
nanometer. The second insulating film 5 constituted by the silicon nitride 



film is formed by low-pressure CVD, and its film thickness is at least about 

100 nanometer and at most about 200 nanometer. 

[0090] 

Then, after applying a photosensitive material on the second 
5 insulating film 5, the photosensitive material is removed at the impurity 
introduction region 7 and the positioning mark region 8, forming a 
photosensitive pattern 3. 
[0091] 

Next, as shown in FIG. 4B, the second insulating film 5 is etched 
10 away, with the photosensitive pattern 3 as a mask, thus forming an 
insulating film pattern 1. It is preferable that this etching is dry-etching. 
For example, it may be dry-etching with CHF 3 gas. The second insulating 
film 5 is etched under such conditions that a sufficient selectivity of the 
etching speed of the second insulating film 5 over the etching speed of the 
15 first insulating film 4 is attained. 
[0092] 

As shown in FIG. 4C, impurities 12 are introduced by ion 
implementation from above the first insulating film 4 through the apertures 
in the photosensitive pattern 3 and the insulating film pattern 1 into the 

20 impurity introduction region 7 and the positioning mark region 8. The 
introduced impurities 12 may be boron (B), BF2, arsenic (As), phosphor (P) or 
Sb, for example. The ion implantation stopping power depends on the sum 
of the film thickness of the first insulating film 4, the film thickness of the 
second insulating film 5 and the film thickness of the photosensitive pattern 

25 3. 

[0093] 

The film thickness of the photosensitive pattern 3, which depends on 
the viscosity of the photosensitive material and the rotation speed when 
applying the photosensitive material, can be formed considerably thicker 

30 than the film thickness of the first insulating film 4, which is formed by 
thermal oxidation, or the film thickness of the second insulating film 5, 
which is formed by low-pressure CVD. For this reason, the ion 
implantation stopping power is increased dramatically. For example, when 
the film thickness of the photosensitive pattern 3 is about 3.0 micron (\xm), 

35 then it is possible to form deep diffusion layers by ion implantation with high 
acceleration energies of up to about 900 keV when implanting boron ions, or 
up to about 2200 keV when implanting arsenic (As) ions. 
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[0094] 

Next, as shown in FIG. 4D, the photosensitive pattern 3 is removed 
by washing or the like. Then, after photosensitive material has been 
applied on the insulating film pattern 1, that photosensitive material is 
5 removed at a portion corresponding to the positioning mark region 8, thus 
forming a photosensitive pattern 2 covering the impurity introduction region 
7. It is preferable that the aperture of the photosensitive pattern 2 in the 
positioning mark region 8 is formed so that it has the same size as the 
aperture of the insulating film pattern 1. However, since it is difficult to 
10 form both apertures in the same size, the aperture of the photosensitive 
pattern 2 is formed such that it is larger than the aperture of the insulating 
film pattern 1. 
[0095] 

As shown in FIG. 5A, the first insulating film 4 is etched away by 
15 wet-etching with hydrofluoric acid, taking the insulating pattern 1 as a mask. 
It is also possible to etch away the first insulating film 4 by dry etching. 
[0096] 

As shown in FIG. 5B, with the insulating film pattern 1 as a mask, 
the semiconductor substrate 6 is etched down by dry etching with a 
20 chlorine-based gas, forming a level difference 11 for the positioning mark. 
Since the impurity introduction region 7 is covered by the photosensitive 
pattern 2, there is no level difference formed by the dry etching. 
[0097] 

When variations of ±20% are considered for the silicon etching, then 
25 it is preferable that the depth of the level difference 11 for the positioning 
mark is at least 80 nanometer and at most 120 nanometer, and a depth of 
100 nanometer is most preferable. 
[0098] 

As shown in FIG. 5C, a thermal oxide film 13 of at least about 5 
30 nanometer and at most about 20 nanometer thickness is formed by thermal 
oxidation, such that it covers the impurity introduction region 7 and the 
positioning mark region 8. 
[0099] 

As shown in FIG. 5D, the insulating film pattern 1 is etched away. 
35 This etching may be dry etching or wet etching. For wet etching, etching by 
phosphoric acid may be employed. Since the semiconductor substrate 6 is 
covered by the thermal oxide film 13, the semiconductor substrate 6 is not 



etched by the phosphoric acid. 
[0100] 

Then, the first insulating film 4 is etched away. It is preferable that 
that this etching is wet etching. For this wet etching, hydrofluoric acid may 
5 be used. Thus, it is possible to attain the desired impurity introduction 
region 7 and the silicon level difference 11 of the positioning mark for the 
photomask. 
[0101] 

As described above, it is possible to form the impurity introduction 
10 region 7 and the silicon level difference 11 of the positioning mark for the 
photomask with the same insulating film pattern 1. 
[0102] 

In this Embodiment 2, the film thickness of the photosensitivity 
pattern 3 can be used for the ion implantation stopping film thickness, in 

15 addition to the film thickness of the first insulating film 4 and the film 
thickness of the second insulating film 5, when forming the impurity 
introduction region. Therefore, the breadth of acceleration energies that 
can be used is increased, so that ions having a higher energy can be 
implanted. As a result, it is possible to form deeper impurity introduction 

20 regions. 
[0103] 

Here, the impurity introduction region into which ions having a 
higher energy are introduced and the positioning mark are formed by self 
alignment. Therefore, the positioning of the photomask when forming other 
25 impurity introduction regions or gate electrodes in later steps can be carried 
out with direct reference to the impurity introduction region 7. 
Consequently, the overlaying precision is improved. As a result, the 
semiconductor device characteristics can be made more consistent. 
[0104] 

30 In Embodiment 2, as in the foregoing Embodiment 1, the silicon level 

difference for the positioning mark is formed with a depth of at least 80 
nanometer and at most 120 nanometer. If an LSA sensor is used whose 
light source is an He-Ne laser with a wavelength of 633 nanometer, then the 
largest diffraction efficiency is attained when the silicon level difference is 

35 100 nanometer, as noted above. Even considering the variations of the 
etching when forming the silicon level difference, if the silicon level 
difference is at least 80 nanometer and at most 120 nanometer, then a 



sufficiently high diffraction efficiency can be attained. For this reason, the 

photomasks can be positioned reliably. 

[0105] 

In Embodiment 2, as in the foregoing Embodiment 1, an example was 
5 described in which the first insulating film 4 is made of a thermal oxide film, 
and the second insulating film 5 is made of a silicon nitride film. However, 
the present invention is not limited to this. It is sufficient if the first 
insulating film 4 and the second insulating film 5 are made of such materials 
that the etching speed of the first insulating film 4 is smaller than the 
10 etching speed of the second insulating film 5. 
[0106] 

Moreover, in Embodiment 2, as in the foregoing Embodiment 1, an 
example was described in which, after removing the first insulating film 4 by 
wet etching, the silicon substrate is dry-etched to form the level difference 11 
15 for the positioning mark, but the present invention is not limited to this. It 
is also possible to perform dry etching to remove the first insulating film 4 
and form the level difference 11 simultaneously. 
[0107] 

Moreover, in Embodiment 2, as in the foregoing Embodiment 1, an 
20 example was described in which impurities 12 are introduced by ion 
implantation from above the thermal oxide film 13 into the impurity 
introduction region 7, but it is also possible to introduce the impurities 12 
into the impurity introduction region 7 by directly implanting ions from 
above the semiconductor substrate 6, without forming a thermal oxide film 
25 13. 

[0108] 

(Embodiment 3) 

FIGS. 6A to 6F are cross-sectional views illustrating a method for 
manufacturing a semiconductor device according to Embodiment 3. The 
30 steps shown in FIGS. 6A and 6B are the same as the steps described with 
reference to FIGS. 1A and IB in Embodiment 1. Therefore, their 
explanation has been omitted. 
[0109] 

In FIG. 6C, after the photosensitive pattern 3 has been removed by 
35 washing or the like, the first insulating film 4 at the positioning mark region 
8 and the impurity introduction region 7 is etched away, with the insulating 
film pattern 1 as a mask. For this etching process, wet etching is used. If 
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the first insulating film 4 is removed by dry etching, then crystal defects may 
occur in the semiconductor substrate 6 due to plasma damage during etching, 
so that the semiconductor device characteristics may deteriorate due to leak 
currents. For the wet etching, it is possible to use etching by hydrofluoric 
5 acid. 
[0110] 

As shown in FIG. 6D, a thermal oxide film 13 is formed by thermal 
oxidation, such that it covers the impurity introduction region 7 and the 
positioning mark region 8. The semiconductor substrate 6 is oxidized, and 

10 the interface between the semiconductor substrate 6 and the thermal oxide 
film 13 is lowered below the surface of the semiconductor substrate 6. The 
resulting level difference 11C is used as the positioning mark for the 
photomask. The interface between the semiconductor substrate 6 and the 
thermal oxide film 13 is lowered by about 55% of the film thickness of the 

15 oxide film 13. For example, if the film thickness of the thermal oxide film 
13 is 50 nanometer, then the depth of the level difference 11C is about 30 
nanometer. 
[0111] 

The positioning of the photomask is carried out by a LIA (laser 
20 interference alignment) sensor whose light source is an HeNe laser with a 
wavelength of 633 nanometer. The LIA sensor performs the adjustment of 
the photomask by detecting the phase difference between the beat signals of 
the diffraction light and a reference signal, and if the depth of the level 
difference 11C is about 30 nanometer, then a sufficient phase difference can 
25 be detected by the LIA sensor. 
[0112] 

As shown in FIG. 6E, impurities 12 are introduced by ion 
implementation from above the first thermal oxide film 13 through the 
apertures in the insulating film pattern 1 into the impurity introduction 

30 region 7 and the positioning mark region 8. The introduced impurities 12 
may be boron (B), BF2, arsenic (As), phosphor (P) or Sb, for example. The 
ion implantation stopping power at this time depends on the sum of the film 
thickness of the first insulating film 4 and the film thickness of the second 
insulating film 5. 

35 [0113] 

As shown in FIG. 6F, the insulating film pattern 1 is etched away. 
This etching may be dry etching or wet etching. For wet etching, etching by 
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phosphoric acid may be employed. Since the semiconductor substrate 6 is 
covered by the thermal oxide film 13, the semiconductor substrate 6 is not 
etched by the phosphoric acid. 
[0114] 

5 Then, the first insulating film 4 is etched away. It is preferable that 

this etching is wet etching. For this wet etching, hydrofluoric acid may be 
used. Thus, it is possible to attain the desired impurity introduction region 
7 and the silicon level difference 11 C of the positioning mark for the 
photomask. 
10 [0115] 

As described above, it is possible to form the impurity introduction 
region 7 and the silicon level difference 11C formed by thermal oxidation 
with the same insulating film pattern 1. Thus, the impurity introduction 
region and the positioning marks are formed with self-alignment. 

15 Therefore, the positioning of photomasks for the formation of other impurity 
introduction regions or for the formation of gate electrodes in later steps can 
be carried out with direct reference to the impurity introduction region 7. 
Consequently, the overlaying precision is improved. As a result, the 
semiconductor device characteristics can be made more consistent. 

20 [0116] 

In Embodiment 3, an example was described in which the first 
insulating film 4 is formed as a thermal oxide film and the second insulating 
film 5 is formed as a silicon nitride film. However, the present invention is 
not limited to this. It is sufficient if the first insulating film 4 and the 
25 second insulating film 5 are made of such materials that the etching speed of 
the first insulating film 4 is smaller than the etching speed of the second 
insulating film 5. 
[0117] 

Moreover, in Embodiment 3, an example was described in which the 
30 positioning of the photomask is carried out with a LIA sensor whose light 
source is a He-Ne laser with 633 nanometer wavelength, but the present 
invention is not limited to this. If the depth of the silicon level difference for 
the positioning mark is changed by adjusting the film thickness of the 
thermal oxide film, then it is possible to carry out the positioning of the 
35 photomask with any suitable sensor, such as an LSA (laser step alignment) 
or a FIA (field image alignment) sensor. 
[0118] 
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The above-described Embodiment 3 includes a level difference 
formation step of forming a level difference 11C for adjusting the position of 
the photomask at an aperture formed in the insulating film pattern 1 by 
thermal oxidation of the semiconductor substrate 6 at the positioning mark 
5 region 8, and, performed after the level difference formation step, an 
impurity introduction step of introducing impurities 12 into the impurity 
introduction region 7 through the aperture formed at the impurity 
introduction region 7 of the semiconductor substrate 6 in the insulating film 
pattern 1. Therefore, it is possible to form the impurity introduction region 
10 and the positioning mark region aligned with each other, with a common 
insulation film pattern, and without inviting deterioration of the 
semiconductor device characteristics. 
[0119] 

(Embodiment 4) 

15 FIGS. 7A to 7D and 8A to 8D are cross-sectional views illustrating a 

method for manufacturing a semiconductor device according to Embodiment 
4. 

[0120] 

As shown in FIG. 7 A, first, a first insulating film 4D and a second 
20 insulating film 5 are formed in that order on a semiconductor substrate 6. 
The first insulating film 4D may be a thermal oxide film, for example. The 
second insulating film 5 may be a silicon nitride film, for example. For the 
thermal oxide film and the silicon nitride film, it is possible to use the 
insulating film (oxide film and silicon nitride film) that results when forming 
25 an inter-element field oxide film. The film thickness of the first insulating 
film 4D constituted by the thermal oxide film is at least about 10 nanometer 
(nm) and at most about 50 nanometer in the impurity introduction region 7, 
and at least about 300 nm and at most about 500 nanometer in the 
positioning mark region 8. 
30 [0121] 

The second insulating film 5 constituted by the silicon nitride film is 
formed by low-pressure CVD, and its film thickness is at least about 100 
nanometer and at most about 200 nanometer. 
[0122] 

35 Next, as shown in FIG. 7B, the second insulating film 5 is etched 

away. It is preferable that this etching is wet-etching, and etching by 
phosphoric acid may be employed, for example. Then, a third insulating 



film 14 made of a silicon nitride film is formed by low-pressure CVD on the 
first insulating film 4D at a thickness of at least about 100 nanometer and at 
most about 200 nanometer on the first insulating film 4D. 
[0123] 

5 As shown in FIG. 7C, after a photosensitive material is applied on 

the third insulating film 14, a photosensitive pattern 2 is formed with 
apertures at the portions corresponding to the impurity introduction region 7 
and the positioning mark region 8. 
[0124] 

10 As shown in FIG. 7D, the third insulating film 14 is etched away, 

with the photosensitive pattern 2 as a mask, thus forming an insulating film 
pattern 1. For this etching, dry etching is preferable, for example dry 
etching by CHF3 gas. The second insulating film 5 is etched under such 
conditions that a sufficient selectivity of the etching speed of the second 

15 insulating film 5 over the etching speed of the first insulating film 4 is 
attained. 
[0125] 

As shown in FIG. 8A, the photosensitive pattern 2 is removed by 
washing or the like. Then, by etching the first insulating film 4D with the 

20 insulating film pattern 1 as a mask, a level difference 11D for the positioning 
mark is formed. For this etching, wet etching is preferable, for example 
etching by hydrofluoric acid. The etched amount is set such that the first 
insulating film 4D in the impurity region 7 can be sufficiently eliminated, 
and that the depth of the level difference 11D at the positioning mark region 

25 8 is formed to at least 50 nanometer. 
[0126] 

The positioning of the photomask based on the positioning mark is 
carried out with an LSA sensor whose light source is a helium (He) ■ neon 
(Ne) laser with 633 nanometer wavelength. If the depth of the level 
30 difference 11D is at least 50 nanometer, then it can be used adequately as a 
positioning mark for photomasks with an LSA sensor. 
[0127] 

As shown in FIG. 8B, a thermal oxide film 13 of at least about 5 
nanometer and at most about 20 nanometer thickness is formed by thermal 
35 oxidation, such that it covers the impurity introduction region 7 and the 
positioning mark region 8. 
[0128] 



As shown in FIG. 8C, impurities 12 are introduced by ion 
implantation or the like from above the thermal oxide film 13 through the 
apertures in the insulating film pattern 1 into the impurity introduction 
region 7 and the positioning mark region 8. The introduced impurities 12 
5 may be boron (B), BF2, arsenic (As), phosphor (P) or Sb, for example. The 
ion implantation stopping power at this time depends on the sum of the film 
thickness of the first insulating film 4D and the film thickness of the second 
insulating film 5. 
[0129] 

10 As shown in FIG. 8D, the insulating film pattern 1 is etched away. 

This etching may be dry etching or wet etching. For wet etching, etching by 
phosphoric acid may be employed. Since the semiconductor substrate 6 is 
covered by the thermal oxide film 13, the semiconductor substrate 6 is not 
etched by the phosphoric acid. 

15 [0130] 

Thus, it is possible to obtain the desired impurity introduction region 
7 and silicon level difference 11D of the positioning mark for the photomask. 
[0131] 

As described above, it is possible to form the impurity introduction 
20 region 7 and the oxide film level difference 11D of the positioning mark for 
the photomask with the same insulating film pattern 1. Thus, the impurity 
introduction region and the positioning mark are formed with self- alignment. 
Therefore, the positioning of photomasks for the formation of other impurity 
introduction regions or for the formation of gate electrodes in later steps can 
25 be carried out with direct reference to the impurity introduction region 7. 
Consequently, the overlaying precision is improved. As a result, the 
semiconductor device characteristics can be made more consistent. 
[0132] 

In Embodiment 4, an example was shown in which the positioning of 
30 the photomask is carried out with a LSA sensor whose light source is a 
He-Ne laser with 633 nanometer wavelength, but the present invention is 
not limited to this. If the depth of the oxide film level difference for the 
positioning mark is changed by adjusting the etching amount of the thermal 
oxide film, then it is possible to carry out the positioning of the photomask 
35 with any suitable sensor, such as a LIA (laser interference alignment) or a 
FIA (field image alignment) sensor. 
[0133] 



Moreover, in Embodiment 4, an example was described in which 
impurities 12 are introduced by ion implantation from above the thermal 
oxide film 13 into the impurity introduction region 7, but it is also possible to 
introduce the impurities 12 into the impurity introduction region 7 by 
5 directly implanting ions from above the semiconductor substrate 6, without 
forming the thermal oxide film 13. 
[0134] 

In Embodiment 4, an example was described in which the first 
insulating film 4D is made of a thermal oxide film, and the third insulating 

10 film 14 is made of a silicon nitride film. However, the present invention is 
not limited to this. It is sufficient if the first insulating film 4D and the 
third insulating film 14 are made of such materials that the etching speed of 
the first insulating film 4D is smaller than the etching speed of the third 
insulating film 14. 

15 [0135] 

The above -described Embodiment 4 includes a level difference 
formation step of forming a level difference 11D for adjusting the position of 
the photomask at an aperture formed in the insulating film pattern 1 by 
etching the first insulating film 4D in the positioning mark region 8, and, 

20 after the level difference formation step, performing an impurity 
introduction step of introducing impurities 12 into the impurity introduction 
region 7 through apertures formed at the impurity introduction region 7 of 
the semiconductor substrate 6 in the insulating film pattern 1. Therefore, it 
is possible to form the impurity introduction region 7 and the positioning 

25 mark region 8 aligned with each other, with a common insulation film 
pattern 1, and without inviting deterioration of the semiconductor device 
characteristics. 
[0136] 

(Embodiment 5) 

30 FIGS. 9A to 9E and 10A to 10E are cross-sectional views illustrating 

a method for manufacturing a semiconductor device according to 
Embodiment 5. 
[0137] 

As shown in FIG. 9A, first, a first insulating film 4 and a second 
35 insulating film 5 are formed in that order on a semiconductor substrate 6. 
The first insulating film 4 may be a thermal oxide film, for example. The 
second insulating film 5 may be a silicon nitride film, for example. For the 
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thermal oxide film and the silicon nitride film, it is possible to use the 
insulating films (oxide film and silicon nitride film) that result when forming 
an inter-element field oxide film, for example. The film thickness of the 
first insulating film 4 constituted by the thermal oxide film is at least about 
5 10 nanometer (nm) and at most about 50 nanometer. The second insulating 
film 5 constituted by the silicon nitride film is formed by low-pressure CVD, 
and its film thickness is at least about 100 nanometer and at most about 200 
nanometer. 
[0138] 

10 Then, after applying a photosensitive material on the second 

insulating film 5, the photosensitive material is removed at a first impurity 
introduction region 7A, a second impurity introduction region 7B and a 
positioning mark region 8, forming a photosensitive pattern 3. 
[0139] 

15 Next, as shown in FIG. 9B, the second insulating film 5 is etched 

away, using the photosensitive pattern 3 as a mask, thus forming an 
insulating film pattern 1. It is preferable that this etching is dry-etching. 
For example, it may be dry-etching with CHF3 gas. The second insulating 
film 5 is etched under such conditions that a sufficient selectivity of the 

20 etching speed of the second insulating film 5 over the etching speed of the 
first insulating film 4 is attained. 
[0140] 

As shown in FIG. 9C, the photosensitive pattern 3 is removed by 
washing or the like. Then, after photosensitive material has been applied 

25 on the insulating film pattern 1, that photosensitive material is removed in a 
portion corresponding to the positioning mark region 8, thus forming a 
photosensitive pattern 2 covering the first impurity introduction region 7A 
and the second impurity introduction region 7B. It is preferable that the 
aperture of the photosensitive pattern 2 in the positioning mark region 8 is 

30 formed so that it has the same size as the aperture of the insulating film 
pattern 1. However, since it is difficult to form both apertures in the same 
size, the aperture of the photosensitive pattern 2 is formed such that it is 
larger than the aperture of the insulating film pattern 1. 
[0141] 

, 35 As shown in FIG. 9D, the first insulating film 4 is etched away by 

wet-etching with hydrofluoric acid, using the insulating film pattern 1 as a 
mask. It is also possible to etch away the first insulating film 4 by dry 
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etching. 
[0142] 

As shown in FIG. 9E, with the insulating film pattern 1 as a mask, 
the semiconductor substrate 6 is etched down by dry etching with a 
5 chlorine-based gas, forming a level difference 11 for the positioning mark. 
Since the first impurity introduction region 7A and the second impurity 
introduction region 7B are covered by the photosensitive pattern 2, there is 
no level difference formed by the dry etching. 
[0143] 

10 In Embodiment 5, as in the previously described Embodiment 1, the 

silicon level difference 11 for the positioning mark is formed with a depth of 
at least 80 nanometer and at most 120 nanometer. If an LSA sensor is used 
whose light source is an He-Ne laser with a wavelength of 633 nanometer, 
then the largest diffraction efficiency is attained when the above-noted 

15 silicon level difference is 100 nanometer, as explained above. Even 
considering the variations of the etching for forming the silicon level 
difference, if the silicon level difference is at least 80 nanometer and at most 
120 nanometer, then a sufficiently high diffraction efficiency can be attained. 
For this reason, photomasks can be positioned reliably. 

20 [0144] 

As shown in FIG. 10A, after the photosensitive pattern 2 has been 
removed by washing or the like, the first insulating film 4 is etched away at 
the impurity introduction regions 7A, 7B, with the insulating pattern 1 as a 
mask. For this etching process, wet etching is used. If the first insulating 
25 film 4 is removed by dry etching, then crystal defects may occur in the 
semiconductor substrate 6 due to plasma damage during etching, so that the 
semiconductor device characteristics may deteriorate due to leakage 
currents. 
[0145] 

30 As shown in FIG. 10B, a thermal oxide film 13 of at least about 5 

nanometer and at most about 20 nanometer thickness is formed by thermal 
oxidation, such that it covers the impurity introduction regions 7 and the 
positioning mark region 8. 
[0146] 

35 As shown in FIG. 10C, a photosensitive pattern 2A with an aperture 

at the portion corresponding to the first impurity introduction region 7A is 
formed on the insulating film pattern 1 such that it covers the second 
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impurity introduction region 7B and the positioning mark region 8. Then, 
first impurities 12A are introduced from above the thermal oxide film 13 
through the aperture in the insulating film pattern 1 into the first impurity 
introduction region 7A. 
5 [0147] 

As shown in FIG. 10D, the photosensitive pattern 2A is removed by 
washing or the like. Next, a photosensitive pattern 2B with an aperture at 
the portion corresponding to the second impurity introduction region 7B is 
formed on the insulating film pattern 1 such that it covers the first impurity 
10 introduction region 7A and the positioning mark region 8. Then, second 
impurities 12B are introduced from above the thermal oxide film 13 through 
the aperture in the insulating film pattern 1 into the second impurity 
introduction region 7B. 
[0148] 

15 As shown in FIG. 10E, the photosensitive pattern 2B is removed by 

washing or the like. Then, the insulating film pattern 1 is etched away. 
This etching may be dry etching or wet etching. For wet etching, etching by 
phosphoric acid may be employed. Since the semiconductor substrate 6 is 
covered by the thermal oxide film 13, the semiconductor substrate 6 is not 

20 etched by the phosphoric acid. 
[0149] 

Then, the first insulating film 4 is etched away. It is preferable that 
that this etching is wet etching. For this wet etching, hydrofluoric acid may 
be used. Thus, it is possible to attain the desired impurity introduction 
25 regions 7A, 7B and the silicon level difference 11 of the positioning mark for 
the photomask. 
[0150] 

As described above, it is possible to form the first impurity 
introduction region 7A, the second impurity introduction region 7B and the 

30 silicon level difference 11 of the positioning mark for the photomask with the 
same insulating film pattern 1. Thus, the first and second impurity 
introduction regions and the positioning mark are formed with 
self- alignment. Therefore, the positioning of photomasks for the formation 
of other impurity introduction regions or for the formation of gate electrodes 

35 in later steps can be carried out with direct reference to the first and second 
impurity introduction regions. Consequently, the overlaying precision is 
improved. As a result, the semiconductor device characteristics can be 
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made more consistent. 
[0151] 

In Embodiment 5, an example was shown in which two types of 
impurity introduction regions and the positioning mark have been formed 
5 with self- alignment, but it is also possible to form three or more types of 
impurity introduction regions and the positioning mark with self- alignment. 
[0152] 

[Advantage of the invention] 

With the above -described embodiments of the invention, it is possible 
10 to provide a method for manufacturing a semiconductor device with which an 
impurity introduction region and a positioning mark region can be formed 
that are aligned to one another, based on a common insulating film pattern 
and without inviting deterioration of the semiconductor device 
characteristics. 
15 [Brief description of the drawings] 

FIGS. 1A to ID are cross-sectional views illustrating a method for 
manufacturing a semiconductor device according to Embodiment 1. 

FIGS. 2A to 2E are cross-sectional views illustrating the method for 
manufacturing a semiconductor device according to Embodiment 1. 
20 FIG. 3 is a graph showing the relation between the diffraction 

efficiency and the level difference formed by the method for manufacturing a 
semiconductor device according to Embodiment 1. 

FIGS. 4A to 4D are cross-sectional views illustrating a method for 
manufacturing a semiconductor device according to Embodiment 2. 
25 FIGS. 5A to 5D are cross-sectional views illustrating the method for 

manufacturing a semiconductor device according to Embodiment 2. 

FIGS. 6A to 6F are cross-sectional views illustrating a method for 
manufacturing a semiconductor device according to Embodiment 3. 

FIGS. 7A to 7D are cross -sectional views illustrating a method for 
30 manufacturing a semiconductor device according to Embodiment 4. 

FIGS. 8A to 8D are cross -sectional views illustrating the method for 
manufacturing a semiconductor device according to Embodiment 4. 

FIGS. 9A to 9D are cross-sectional views illustrating a method for 
manufacturing a semiconductor device according to Embodiment 5. 
35 FIGS. 10A to 10D are cross -sectional views illustrating the method 

for manufacturing a semiconductor device according to Embodiment 5. 

FIGS. 11A to 11D are cross- sectional views illustrating a 
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conventional method for manufacturing a semiconductor device. 

FIGS. 12A to 12D are cross-sectional views illustrating the another 
conventional method for manufacturing a semiconductor device. 

FIGS. 13A to 13D are cross* sectional views illustrating still another 
5 conventional method for manufacturing a semiconductor device. 

FIG4. 14A and 14B are cross* sectional views illustrating an other 
conventional method for manufacturing a semiconductor device. 
[Explanation of reference numerals] 
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